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SELECTED DATA ON CHARACTERISTICS OF GLACIAL-DEPOSIT AND 
CARBONATE-ROCK AQUIFERS, MIDWESTERN BASINS AND ARCHES

REGION

By Robert L. Joseph and Sandra M. Eberts 

ABSTRACT INTRODUCTION

In 1988, the U.S. Geological Survey (USGS) 
began a study to examine the hydrogeologic 
framework, ground-water-flow systems, water 
chemistry, and withdrawal response of aquifers in 
glacial deposits and carbonate rock in the 
Midwestern Basins and Arches Region in western 
Ohio and eastern Indiana. As part of this study, 
data from pumped-well tests and instantaneous- 
recharge tests (slug tests) of wells completed in 
the glacial-deposit and carbonate-rock aquifers 
were compiled from reports and information on file 
with State agencies, environmental consulting 
firms, drilling firms, municipalities, universities, 
and the USGS. The data, from 73 counties in Ohio 
and Indiana, were entered into a computerized 
data base in a spreadsheet format and 
subsequently into a geographic information 
system (GIS).

Aquifer-characteristics data from this 
compilation include the results of 105 pumped- 
well tests and 39 slug tests in wells completed in 
glacial deposits, 174 pumped-well tests in wells 
completed in the carbonate-rock aquifer, and 
4 slug tests in wells completed in limestones and 
shales of Ordovician age. Transmissivities from 
the pumped-well tests in wells completed in glacial 
till and glacial-deposit aquifers (sands and 
gravels) range from 1.54 to 69,700 feet squared 
per day. Storage coefficients or specific yields 
range from 0.00002 to 0.38 at these wells. 
Horizontal-hydraulic conductivities from the slug 
tests in wells completed in glacial-deposit aquifers 
range from 0.33 to 1,000 feet per day. 
Transmissivities from the pumped-well tests in 
wells completed in the carbonate-rock aquifer 
range from 70 to 52,000 feet squared per day. 
Storage coefficients or specific yields at these 
wells range from 0.00001 to 0.05. Horizontal- 
hydraulic conductivities from the slug tests in wells 
completed in limestones and shales of Ordovician 
age range from 0.0016 to 12 feet per day. These 
data are summarized in tables and figures within 
this report.

The collection and compilation of selected 
aquifer-characteristics data for the glacial- 
deposit and carbonate-rock aquifers within the 
Midwestern Basin and Arches Region of Shaver 
(1985) are an essential part of the Midwestern 
Basins and Arches Regional Aquifer-Systems 
Analysis (Midwestern Basins and Arches RASA) 
project of the U.S. Geological Survey (USGS). 
Specifically, the data are needed to help 
describe ground-water flow in the regional 
aquifer system, which is one of the objectives of 
the Midwestern Basins and Arches RASA 
project (Bugliosi, 1990). To meet this objective, 
the Midwestern Basins and Arches RASA began 
subprojects in the Ohio and Indiana offices of 
the USGS to collect and compile available 
aquifer-characteristics data from aquifer tests 
of the glacial-deposit and carbonate-rock 
aquifers. The data were not reanalyzed to verify 
accuracy because of time constraints and 
insufficient data in many cases.

Purpose and Scope

This report presents spatial distributions 
and summary tables of selected aquifer- 
characteristics data from numerous pumped- 
well tests and slug tests of the glacial-deposit 
and carbonate-rock aquifers within the 
Midwestern Basins and Arches RASA study 
area. Aquifer-characteristics data from 
144 wells completed in glacial deposits and 
174 wells completed in the carbonate-rock 
aquifer, as well as data from 4 wells completed 
in limestones and shales of Ordovician age, are 
summarized.

Definitions

An aquifer test, as defined in this report, is 
a test to determine hydrologic properties of an 
aquifer. An aquifer test involves the withdrawal 
of measured quantities of water from or the 
addition of water to a well and the measurement 
of resulting changes in hydraulic head in the
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aquifer during and (or) after the period of 
discharge from or addition to the well. 
Pumped-well tests involve the withdrawal of 
water from the well and are typically done when 
the aquifer being analyzed is believed to be 
capable of producing large quantities of water. 
Slug tests involve the sudden introduction of a 
known volume of water to the well. The 
slug-test method is typically used when the 
aquifer is believed to produce small quantities of 
water (rather than the large quantities of water 
desired for a pumped-well test) or when other 
factors such as time, money, or contaminated 
waters are a concern. Aquifer tests are 
conducted to determine aquifer characteristics, 
such as transmissivity, hydraulic conductivity, 
storage coefficient, and specific yield.

Transmissivity is the rate at which water of 
the prevailing kinematic viscosity is trans 
mitted through a unit width of the aquifer under 
a unit hydraulic gradient. It is equal to an 
integration of the hydraulic conductivities 
across the saturated part of the aquifer 
perpendicular to the ground-water-flow path. 
Hydraulic conductivity is a measure of volume 
of water at the prevailing viscosity that will 
move through a medium in a unit of time under 
a unit hydraulic gradient through a unit area 
measured perpendicular to the direction of flow. 
The storage coefficient of an aquifer is the 
volume of water that is released from or taken 
into storage per unit surface area of the aquifer 
per unit change in hydraulic head. (Storage 
coefficient is virtually equal to the specific yield 
in an unconfined aquifer.) Specific yield is the 
ratio of the volume of water that the saturated 
porous medium will yield by gravity to the total 
volume of that porous medium. The terminology 
used within this report is consistent with the 
terminology presented by Ground Water 
Subcommittee of the Federal Interagency 
Advisory Committee on Water Data (1989) and 
Lohman (1979).

Approach

Data from aquifer-test analyses were 
collected from various sources, compiled and 
entered into a computerized data base in a 
spreadsheet format, and subsequently entered 
into a geographic information system (GIS). 
Well sites were located by latitude and longitude 
where possible, and figures were constructed by

use of an Albers Equal Area Projection. 
Fourteen separate items were used to identify 
each well and summarize the associated aquifer 
characteristics. Data entered into the 
spread-sheet for each aquifer test were the 
following: (1) latitude; (2) longitude (or 
description of study area); (3) state; (4) county; 
(5) producing unit; (6) altitude of land-surface 
datum, in feet above sea level; (7) top of aquifer, 
in feet below land surface; (8) top of 
screened/open interval, in feet below land 
surface; (9) length of screened/open interval, in 
feet; (10) type of aquifer; (11) transmissivity, in 
feet squared per day, or horizontal-hydraulic 
conductivity, in feet per day; (12) storage 
coefficient (dimensionless) or specific yield 
(dimensionless); (13) other well identifier; and 
(14) source of data.

Acknowledgments

The authors express appreciation to the 
ground-water staff at the Indiana and Ohio 
Departments of Natural Resources, Divisions of 
Water; the Indiana Department of Environ 
mental Management; and the Ohio Environ 
mental Protection Agency for assistance in 
locating and gathering the data. The authors 
also appreciate the assistance and cooperation 
of numerous individuals from environmental 
consulting firms, drilling firms, and munici 
palities throughout the Midwestern Basins and 
Arches RASA study area.

GEOHYDROLOGIC SETTING

The study area is located along the axes of 
the Cincinnati, Findlay, and Kankakee Arches 
in Indiana, Ohio, and parts of Michigan and 
Illinois and encompasses approximately 
44,000 mi2 (fig. 1). Erosion has reduced these 
low, broad arches to a nearly flat plain (fig. 2). 
The oldest bedrock units are exposed along the 
axis of the Cincinnati Arch in the south-central 
part of the study area. Bedrock units within the 
study-area boundary include interbedded lime 
stone and shale of Ordovician age, limestones 
and dolomites of Silurian and Devonian age, and 
shales of Devonian age (figs. 1 and 2). These 
bedrock units are directly overlain by 
Quaternary glacial deposits throughout most of 
the study area (fig. 3). Glacial deposits which 
deeply cover numerous ancient bedrock 
valleys include ground-moraine and end-
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moraine deposits, lacustrine sediments, out- 
wash sediments, and small amounts of 
ice-contact stratified drift (Flint, 1959). 
Ground-moraine and end-moraine deposits 
constitute most of the surficial deposits within 
the study area.

The water table in the Midwestern Basins 
and Arches RASA study area generally is within 
the Quaternary glacial deposits (fig. 4). 
Glacial-deposit aquifers are composed of sands 
and gravels that comprise areally extensive 
outwash sediments or discontinuous lenses of 
ice-contact stratified drift within ground- 
moraine and end-moraine deposits. Buried 
ancient bedrock valleys, many of which deeply 
dissect the carbonate rock, serve as principal 
aquifers where they are filled with outwash 
sediments. Locally, glacial-deposit aquifers 
may be semiconfined or confined by glacial till. 
The productivity of glacial-deposit aquifers 
differs vertically and horizontally over small 
distances because of variations in the 
composition, continuity, and structure of the 
deposits (Strobel, 1990).

Water in the underlying carbonate-rock 
aquifer (hereafter referred to as the carbonate 
aquifer) is present primarily in fractures, 
bedding-plane partings, and other openings 
within the rock. The carbonate aquifer ranges 
in thickness from 0 to more than 1,000 ft, and it 
thickens away from the crest of the arches 
(Norris and Fidler, 1973; Rupp, 1991; G.D. 
Casey, U.S. Geological Survey, written 
commun., 1992). At the regional scale, the 
carbonate aquifer is semiconfined by glacial 
deposits where the aquifer is exposed at or near 
the bedrock surface and is confined by the 
Devonian shales elsewhere in the region (figs. 
1-4). The productivity of the carbonate aquifer 
differs throughout the study area in relation to 
the concentration of openings within the rock. 
Some karst features are present in the Devonian 
limestones.

The carbonate aquifer is confined below by 
interbedded shales and limestones of 
Ordovician age (fig. 4). Although the Ordovician 
rocks directly underlie the carbonate aquifer 
throughout most of the study area, they are 
laterally contiguous with the carbonate aquifer 
along the axis of the Cincinnati Arch in the 
south-central part of the study area where the

Ordovician rocks are exposed at the bedrock 
surface (fig. 1). Weathering has increased 
secondary porosity and has allowed for 
increased water circulation at shallow depths in 
the limestones and shales of Ordovician age in 
this area where they are exposed at or near the 
bedrock surface. Because dry holes are common 
and drawdowns are commonly extreme, this 
water-bearing unit within the upper weathered 
zone of the Ordovician rocks (fig. 4) is not 
considered to be part of the carbonate aquifer, 
although it may have some hydraulic connection 
to the aquifer.

SELECTED DATA ON AQUIFER 
CHARACTERISTICS

Pumped-well-test data from 279 wells and 
slug-test data from 43 wells were compiled and 
are summarized in the sections of the report 
that follow. Aquifer-characteristics data in this 
report have been subdivided into site-specific 
data and areal data. Site-specific data included 
herein represent all aquifer-characteristics data 
for a well site provided that the latitude and 
longitude of the well site could be determined 
from the source of data. Areal data include all 
data that were reported in a data source as a 
summary of aquifer characteristics for an area 
on the basis of tests at numerous wells. 
Descriptions of the study area were reported in 
the source of the areal data, and these 
descriptions are included in the tables at the 
back of this report. Transmissivities and 
storage coefficients for areal data are reported 
in the tables herein as ranges rather than as 
single values.

The numbers next to symbols on figures in 
this report are the well numbers listed in the 
first column of the corresponding tables at the 
back of the report. Wells whose transmissivities 
are within the same order of magnitude are 
signified by like symbols. The data are 
separated by State in the figures and tables; in 
addition, the data are listed by county in 
alphabetical order. Producing units in the 
tables reflect the nomenclature of the data 
sources and may differ between sources 
referenced in this report. Transmissivities and 
horizontal-hydraulic conductivities were 
reported in various units in the data sources. 
For consistency, all transmissivities have been 
converted to units of feet squared per day; and
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all horizontal-hydraulic conductivities have 
been converted to units of feet per day. 
Converted values have been rounded to three 
significant figures. Sources of data are listed in 
the tables and in the reference list. Previously 
unpublished data that are not public record are 
published herein with permission.

Glacial-Deposit Aquifers

Transmissivities from available aquifer 
tests of glacial-deposit aquifers in Indiana range 
from 300 to 69,700 ft2/d; storage coefficients or 
specific yields range from 0.00002 to 0.38 in the 
same material. The locations of wells completed 
in glacial-deposit aquifers in Indiana for which 
site-specific pumped-well-test data are reported 
are shown in figure 5. Well and aquifer 
characteristics that correspond to figure 5 are 
presented in table 1 at the back of the report. 
Transmissivities from available aquifer tests of 
glacial-deposit aquifers in Ohio range from 
1,340 to 60,300 fWd, and storage coefficients or 
specific yields range from 0.0002 to 0.3. The 
locations of wells completed in glacial-deposit 
aquifers in Ohio for which site-specific 
pumped-well-test data are reported are shown 
in figure 6. Well and aquifer characteristics 
that correspond to figure 6 are listed in table 2 
at the back of the report. The locations of wells 
completed in glacial-deposit aquifers in Ohio for 
which area! pumped-well-test data are reported 
are shown in figure 7. Well and aquifer 
characteristics that correspond to figure 7 are 
listed in table 3 at the back of the report. 
Transmissivities at wells completed in glacial 
till, which is not considered to be aquifer 
material, range from 1.54 to 2.07 ft2/d; storage 
coefficients range from 0.015 to 0.0261. The 
locations of wells completed in glacial till in 
Ohio for which site-specific pumped-well-test 
data are reported are shown in figure 8. Well 
and aquifer characteristics that correspond to 
figure 8 are listed in table 4 at the back of the 
report.

Horizontal-hydraulic conductivities at wells 
completed in glacial-deposit aquifers in Ohio for 
which slug-test data are available range from 
0.33 to 1,000 ft/d. The locations of these wells 
are shown in figure 9. Well and aquifer 
characteristics that correspond to figure 9 are 
listed in table 5 at the back of the report.

Carbonate-Rock Aquifer

In Indiana, transmissivities from available 
aquifer tests of the carbonate aquifer range from 
310 to 52,000 ft2/d; storage coefficients range 
from 0.00001 to 0.05. The location of wells 
completed in the carbonate aquifer in Indiana 
for which site-specific pumped-well-test data 
are reported are shown in figure 10. Well and 
aquifer characteristics that correspond to figure 
10 are listed in table 6 at the back of the report. 
Transmissivities from available aquifer tests of 
the carbonate aquifer in Ohio range from 70 to 
28,000 ft2/d, and storage coefficients range from 
0.00003 to 0.00318. The locations of wells 
completed in the carbonate aquifer in Ohio for 
which site-specific pumped-well-test data are 
reported are shown in figure 11. Well and 
aquifer characteristics that correspond to figure 
11 are listed in table 7 at the back of the report. 
The locations of wells completed in the 
carbonate aquifer in Ohio for which areal 
pumped-well-test data are available are shown 
in figure 12. Well and aquifer characteristics 
that correspond to figure 12 are listed in table 8 
at the back of the report.

Horizontal-hydraulic conductivities calcu 
lated from slug tests of four wells completed in 
limestones and shales of Ordovician age range 
from 0.0016 to 12 ft/d. The locations of these 
four wells are shown in figure 13. Well and 
aquifer characteristics that correspond to figure 
13 are listed in table 9 at the back of the report.

SUMMARY

Federal funds were appropriated in 1978 for 
analysis of regional aquifer systems as a result 
of growing concern for the availability of ground 
water. Twenty-eight of the Nation's most 
important regional aquifers were selected to be 
studied. The primary objective of the Regional 
Aquifer-Systems Analysis program was to 
examine the hydrogeologic framework, ground- 
water-flow-systems, water chemistry, and 
withdrawal response of aquifers within these 
regions. In 1988, the USGS began to study a 
regional aquifer system within the Midwestern 
Basin and Arches Region of Shaver (1985) 
within western Ohio and eastern Indiana.

An essential part of this Midwestern Basins 
and Arches RASA project was the collection and
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compilation of aquifer-characteristics data for 
wells completed in the glacial-deposit and 
carbonate-rock aquifers within the Midwestern 
Basins and Arches Region for which 
pumped-well-test or slug-test data were 
available. Such data were compiled from 
reports and information on file with State 
agencies, environmental consulting firms, 
drilling firms, municipalities, universities, and 
the USGS. Data for wells from 73 counties in 
Ohio and Indiana were entered into a 
computerized data base in a spreadsheet format 
and subsequently entered into a GIS. 
Aquifer-characteristics data for 323 wells are 
summarized in tables and figures in this report.

On the basis of and including data from 
105 wells completed in glacial till and glacial- 
deposit aquifers (sands and gravels), 
transmissivities range from 1.54 to 69,700 ft2/d. 
Storage coefficients or specific yields range from 
0.00002 to 0.38 within glacial deposits across 
the study area. Slug-test data for 39 wells 
completed in glacial-deposit aquifers include 
horizontal-hydraulic conductivities that range 
from 0.33 to 1,000 ft/d. On the basis of data from 
174 wells completed in the carbonate aquifer, 
transmissivities range from 70 to 52,000 ft2/d. 
Storage coefficients or specific yields for the 
carbonate aquifer within the study area range 
from 0.00001 to 0.05. Horizontal-hydraulic 
conductivities from slug tests of four wells 
completed in limestones and shales of 
Ordovician age range from 0.0016 to 12 ft/d.
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